Infant abuse by males has been observed in many pinniped species, but its adaptive significance and defense mechanism remain uncertain. We studied harassment and abduction of pups by nonterritorial male northern fur seals (Callorhinus ursinus) on St. Paul Island, Alaska, from 1993 to 1998. Juvenile, subadult, and adult males entered the breeding area and sniffed, bit, grabbed, or mounted pups. They also abducted pups to other places on land or to sea. Three pup mortalities caused by drowning, skull damage, or separation from the mother leading to emaciation were observed during the study period. Nonterritorial males did not exhibit a preference for the sexes of pups they attacked, and never consumed dead pups. Intrusions of juvenile and subadult males into breeding areas increased in the late breeding season, when harassment and abduction of pups occurred frequently. Frequency of intrusion and harassment of pups by adult nonterritorial males was lower than that by juvenile and subadult males, and did not increase in the late breeding season. On average, each pup was harassed or abducted 3.8 times in a breeding season. Pups changed their behavior to avoid nonterritorial males as pups moved out of the central breeding area in the late breeding season. Territorial males protected pups indirectly through territory defense, but their vigilance against juvenile and subadult males diminished in the late breeding season. Adult females protected their pups against juvenile and subadult males only while they were attending pups within the breeding territories. However, formation of breeding aggregation in rocky habitats may contribute to reducing the risk of harassment of pups by nonterritorial males because it provides pups with protection by territorial males as well as shelters created by irregular terrain.
Sexual dimorphism and polygynous mating systems are extremely developed in sea lions and fur seals (Otariidae, Carnivora). Adult male and female otariids form breeding aggregations on terrestrial colonies. It is known in several species that marginal or subordinate males, which cannot participate in reproductive activities, harass, abduct, or kill conspecific pups (Le Boeuf and Campagna 1994) . Infanticide occurs in many mammalian taxa including primates, rodents, ungulates, and carnivores. The behavior has been explained as an adaptive strategy that improves fitness of the perpetrator through nutritional benefit, resource competition, parental manipulation, and sexual selection (Ebensperger 1998; HiraiwaHasegawa 1988; Hrdy 1979; van Schaik 2000) . Because infanticide arises from the conflicts of interests among males, females, and young, it has shed light on the evolutionary implications of breeding strategies and mating systems. Campagna et al. (1988) observed the abduction and killing of pups by subadult male South American sea lions (Otaria byronia) and interpreted it as a low-cost epiphenomenon of male sexual motivation. South American sea lions also exhibit aggressive sexual behavior toward females or pups of South American fur seals (Arctocephalus australis), and the allospecific abduction is interpreted as a by-product of sexual competition and frustration (Cassini 1998; Miller et al. 1996) . Higgins and Tedman (1990) mentioned that attacks on pups by adult male Australian sea lions (Neophoca cinerea) were not the result of intended behavior but of misdirected aggression. Based on these findings, Ebensperger (1998) regarded infanticide in pinnipeds as neutral or maladaptive behavior. On the other hand, large pinnipeds have carnivorous feeding habits and prey on other seals (Riedman 1990) . South American sea lions and Steller sea lions (Eumetopias jubatus) attack and eat fur seal pups in some populations (Gentry and Johnson 1981; Harcourt 1992 Harcourt , 1993 . Wilkinson et al. (2000) observed several cases of cannibalistic behavior in New Zealand sea lions (Phocarctos hookeri) and concluded that males were possibly abducting conspecific pups as a part of predatory behavior. Therefore, harassment, abduction, and infanticide in pinnipeds should be evaluated carefully in terms of nutritional resources, reproductive opportunities, and other potential benefits before concluding it is nonadaptive behavior. Northern fur seals (Callorhinus ursinus) have the most extreme level of sexual dimorphism and polygyny observed in the Otariidae (Boness 1991; Mesnick and Ralls 2002) . Dominant adult males (territorial males) hold breeding territories in the central breeding areas to mate with receptive females during the breeding season. The adult male to female body mass ratio is 3.7:1, and the operational sex ratio of territorial males to females reaches 1:39 at maximum (Bartholomew and Hoel 1953) . Because of this extremely polygynous mating system, large numbers of adult and subadult males (nonterritorial males) are excluded from the central breeding area and deprived of mating opportunities. It has been described anecdotally that nonterritorial male northern fur seals sneak into the central breeding area and harass newborn pups (Bartholomew 1959; Campagna 2002; Gentry 1998) . But it remained uncertain how frequently nonterritorial males interfere with pups and whether they actually harm pups. We conducted a behavioral study on northern fur seals in Alaska from 1993 to 1998 to collect data on harassment and abduction of pups by nonterritorial males in a breeding area. In this paper, we describe the pattern of interactions between pups and nonterritorial males, and answer the following questions: Do nonterritorial males actually kill pups? Do they eat dead pups to obtain nutrition? Do they selectively harass male pups to reduce future competitors? Are there any differences in the harassment behavior of nonterritorial males related to sexual maturation? We also quantify the incidence of male intrusion, harassment, and abduction of pups to examine the potential factors controlling the frequency and extent of the harassment and abduction.
MATERIALS AND METHODS
Study area.-This study was conducted at a small cove located in the southern end of Polovina Cliffs rookery, St. Paul Island, Pribilof Islands, Alaska, during the summer breeding seasons in (19 July-5 August), 1994 (28 June-17 August), 1995 (27 June-17 August), 1996 (28 June-14 August), 1997 (26 June-16 August), and 1998 . The study cove is semicircular, 20 m wide, 10 m deep, surrounded by 2-to 5-m-high cliffs on 3 sides, and opens to the sea to the east. An observation blind was located on the overlooking cliff. The rocky beach in the cove was occupied by 6-12 territorial males, where adult females came ashore and formed the central breeding area. The whole central breeding area in the cove could be viewed from the observation blind except for the cave-shaped part (3 m deep) of the innermost territory. The operational sex ratio in the study area (estimated as pup production per number of territorial males with females in mid-July) ranged from 13.0 to 17.2 in 1994-1998. Antonelis et al. (1996) and York et al. (1997) investigated the number of territorial males and pup production for each rookery of the Pribilof Islands and reported the ratio at 27.6 and 29.0 for the Polovina Cliffs rookery and at 32.2 and 29.4 for the island total in 1994 and 1996, respectively. The lower ratio in the study area means that adult females were less aggregated and split into smaller breeding groups compared to the average breeding colonies located in the middle part of rookeries.
Behavioral observation.-Observation was made daily during daylight hours between 0600 and 2400 h for 218-359 h/year. When interactions between nonterritorial males and pups were observed, the behaviors of nonterritorial males, pups, females, and territorial males were recorded ad libitum. Nonterritorial males were classified into 3 age classes according to body size as adult (males with body sizes equivalent to territorial males, estimated age 7 years or older), subadult (males smaller than territorial males but larger than adult females, estimated age 4-6 years), and juvenile (males with body sizes similar to or smaller than adult females, estimated age 2-3 years). Because northern fur seals become sexually mature at about age 5 years, these age categories correspond to mature, adolescent (physiologically mature but too small to maintain breeding territories), and immature males, respectively (Bartholomew 1950; Gentry 1981) . If pups were abducted by nonterritorial males out to nonbreeding areas, we waited until the abductors left the area and tried to catch the pups to check sex and presence of external wounds. For individual identification, we captured and bleach marked 8-27 pups per year by putting hair lightener (a mixture of 3-6% hydrogen peroxide and Wella powder bleach, Wella, Japan, Co., Ltd., Tokyo, Japan) on the head or on the trunk. All procedures of capture, handling, and marking meet the guidelines established by the American Society of Mammalogists (Animal Care and Use Committee 1998) .
Live and dead pups were counted in the study area daily for 1995-1998. Mean date of pupping was 13 July and 89.2% of pup births occurred before 26 July. Adult females attended and nursed their pups for 5-9 days postpartum and after that they repeated feeding trips at sea (for 2-15 days) and nursing in the central breeding area (for 2-9 days). Copulation occurred 0-7 days postpartum (4.5 days on average). Mean date of observed copulation was 20 July and 92.4% of copulations were observed before 5 August. Based on this breeding schedule, we divided the study period into 10-day intervals starting from 26 June. The intervals also corresponded to ontogenetic changes in pup behavior. Pups were attended by their mothers in the central breeding area during the first and second 10-day periods (26 June-15 July), unattended pups started to form an aggregation (pup pod) in the central breeding area in the 3rd period (16-25 July), pups moved around the central breeding area and got close to the water's edge in the 4th period (26 July-4 August), and pups wandered out of the central breeding area and started swimming in the 5th period (5-14 August).
Interactions between pups, adult females, territorial males, and nonterritorial males were recorded quantitatively through regular observation sessions of 40 min/h. For each session, 1 or 2 observers collected data from the observation blind. Basically, 6 observation sessions were held daily, 2 for each of the 3 time periods: morning (0600-1200 h), afternoon (1200-1800 h), and evening (1800-2400 h). The sessions were scheduled so that sampling efforts for each of the following behavioral records were distributed uniformly between the 3 time periods and between 10-day periods. The frequency of intrusions of nonterritorial males and presence or absence of physical contacts with adult females or pups were recorded from 1995 to 1998. The number of incidents of harassment and abduction of pups by nonterritorial males (threat display or biting, grabbing, shaking or throwing, carrying on land, abduction to sea, and mounting) was recorded from 1996 to 1998. Frequency of nonterritorial male intrusions onto the breeding area beyond the border of waterfront territories was recorded from 1996 to 1998. Reaction of pups to intruding males was recorded from 1997 to 1998; the 1st reaction of pups, when an intruding subadult or juvenile male approached a pup as close as 0.5 m, was classified as ''approach,'' ''stay,'' or ''flee.'' The 2nd reaction after the nasal contact of a male with a pup was classified as ''stay,'' ''flee,'' or ''agonistic behavior.'' It was difficult to avoid repeated measurements of the same individuals because only a small number of individuals were identifiable. The number of long-distance threatening calls (so called ''trumpeting threats''-Bartholomew 1953) emitted by territorial males in the study area directed against intrusion attempts of nonterritorial males was recorded from 1996 to 1998. For this sampling, calls directed against intrusion by juveniles and subadults were grouped together, and calls directed against intrusion by adult males were recorded separately because juvenile and subadult males often came ashore simultaneously and calls against them were difficult to distinguish.
Data analyses.-Differences between the rates of physical contacts with pups and females for each age class of nonterritorial males were analyzed by using the likelihood ratio test. We assumed the contact rates of nonterritoral males for pups and females were independent. The log-likelihood function is then given by
where n 1 is the number of observed contacts between nonterritorial males and pups, p 1 is the contact rate between nonterritorial males and pups, n 2 is the number of observed contacts between nonterritorial males and females, p 2 is the contact rate between nonterritorial males and females, and n T is the total number of intrusions. The parameter lnL is the log-likelihood function evaluated at the maximumlikelihood estimates, and lnL 0 is the log-likelihood function with the restricted parameters,
is asymptotically distributed as a chi-square random variable, on the condition that the restricted model is correct. The degree of freedom is given by the difference in the number of independent parameters. If this chi-square value was larger than the chi-square value at the 5% significance level, we concluded that nonterritorial males made contact with females and pups at different probabilities. We also used the likelihood ratio test to analyze the difference in the reaction of pups to nonterritorial males between 10-day periods. The log-likelihood function on responses of pups based on a multinomial distribution is given by X n ij lnðp ij Þ;
where n ij is the observed frequency of response category i in period j, and p ij is the probability of response category i in period j. The likelihood-ratio test statistic and the degrees of freedom are defined as above, given that lnL 0 is the log-likelihood function with the restricted parameters, p ij ¼ p i (all j). If this chi-square value was larger than the chi-square value at the 5% significance level, we concluded that pups changed their responses along the 10-day periods.
To estimate the frequency of male-pup interactions, numbers of incidents of male harassment and abduction of pups recorded through quantitative sampling were averaged over the 10-day periods. Based on the number of observed incidents of harassment and abduction of pups and daily pup counts, per capita rate of harassment or abduction of pups per hour was calculated for each session as
where N har is the number of observed incidents of harassment or abduction, N p is the number of pups on the day, and D is the observation duration of a session. The value r was averaged over 10-day periods (" r), and the total frequency of incidents of harassments or abductions per pup in each 10-day period (Ẽ ) was estimated by multiplying " r by total daylight hours per period (18 h/day Â 10 days):
The frequency of nonterritorial male intrusions (number per 40-min session) was analyzed by using generalized linear models (GLM- [1996, 1997, or 1998 ], tide [low, surf zone lower than the waterfront border of breeding territories; mid, surf zone at the waterfront territory border; or high, surf zone higher than the waterfront territory border], sea condition [calm or rough], time of day [morning, afternoon, or evening], and air temperature [low , 98C, 98C mid , 148C, or high ! 148C]). These variables appeared to affect the behavior of animals in the central breeding area and the intrusions of nonterritorial males. Tide and sea condition affected ease with which nonterritorial males could intrude and retreat. Activity of adult males and females in the central breeding area was reduced at high or low temperature, and the number of nonterritorial animals in water increased at high temperature. We assumed that intrusion frequencies had a Poisson or a negative binomial distribution, and compared full main-effect models of both distributions. We used correction of Akaike information criterion (AICc- Burnham and Anderson 2002) for model selection because sample size n was relatively small with respect to the number of estimated parameters K (n/K ¼ 26.0 ;27.7). Negative binomial models for juveniles, subadults, and adults consistently gave much lower AICc values and better fits in Q-Q plots than did Poisson models, so we used the negative binomial models thereafter (differences in AICc between the 2 models were À262.0, À354.9, and À140.2 for juvenile, subadult, and adult, respectively). We then fit the models in a stepwise fashion by using AICc values to identify best-fit models for each age class. We evaluated the effects of explanatory variables based on the increments of AICc (ÁAICc) by removing variables one by one from the best-fit models, and supplementarily assessed the impacts of the specific levels in covariates by using the estimates and P-values based on t-statistics.
Similarly, the number of long-distance threatening calls per observation session was analyzed by using Poisson and negative binomial GLMs. We constructed separate models for threatening calls against juvenile-subadult and adult males by using the number of threatening calls as the response, main effects of the same elements of the above intrusion models as explanatory variables, and ln(number of intrusion attempts) as a known constant term (offset-McCullagh and Nelder 1989) . Negative binomial models showed better fits than did Poisson models (differences in AICc between the 2 models were À2,325 and À3,383 for juvenile-subadult and adult, respectively; n/K ¼ 20.0 ;26.6), so we again adopted the negative binomial models, fit the full main-effect models through stepwise selection, and evaluated the effects of explanatory variables in the same manner for the intrusion analysis. We used R 1.9.0 for these analyses (R Development Core Team 2004) .
RESULTS
General description of harassment, abduction, and mortality.- Figure 1 illustrates the patterns of how nonterritorial males initiated interactions with pups and how they proceeded to aggressive or sexual behavior. Nonterritorial males encountered pups inside the breeding territories when they intruded into the central breeding area or outside the territories when pups wandered out. Interactions of nonterritorial males with pups on land typically started with sniffing and nasal contacts and escalated to agonistic and violent behavior. Nonterritorial males also exhibited sexual interactions with pups. They mounted pups with pelvic thrusts, but intromission was not observed.
Abduction of pups occurred either as an escalated outcome of agonistic and violent behavior or as a sudden outbreak just after an encounter. Three patterns of abduction were observed: nonterritorial males carried pups out of the breeding territories on land, they took pups to shallow intertidal water, or they took pups offshore. Thirteen cases of offshore abduction were observed, and the fates of abducted pups were as follows. Five pups swam back to the breeding area by themselves. Six pups came ashore on a hauling beach within 200 m of the original locations, of which 4 pups were confirmed to be back in the breeding area within 2 days. Two pups were taken far offshore so that their fate could not be traced. The sex ratio of 11 abducted pups for which we could check sexes was male : female ¼ 5:6. The ratio was not significantly different from 0.547:0.453, the observed sex ratio of pups on Pribilof Islands reported by Antonelis et al. (1994-likelihood 
We observed 3 cases of pup mortality caused by male harassment and abduction. The 1st pup (observed on 6 August 1995) was held in the intertidal area by a subadult male, grabbed and swung around, and slammed headfirst into a rock. The pup moved clumsily, but the male repeatedly mounted the pup in shallow water, and finally the pup was drowned. The subadult male held the pup for half an hour after it died. Necropsy of the pup showed that the female pup suffered bite wounds on the chest and abdomen, subdermal hemorrhage on the head, and a skull fracture. The 2nd pup was suddenly abducted offshore by an adult male on 11 July 1996. The pup landed on a beach 100 m away from the central breeding area and returned to the study area in 5 days, but it could not find its mother and died of emaciation. Blunt trauma on the head and festering wounds on the lumbar region were observed at necropsy. The 3rd pup also was abducted offshore by a subadult male, on 7 August 1997, submerged underwater repeatedly, and finally drowned. In no case did male seals eat the dead pups. The 3 observed pup deaths caused by nonterritorial males accounted for 0.59% of total pup production and 15.0% of pup mortality in the study area.
The interactions between pups and nonterritorial males could be suspended at any of the stages in Fig. 1 . While interacting with pups, nonterritorial males lost interest or shifted their attention to other pups, females, or nonterritorial males. Pups used rocks and crevices as refuge. They stayed motionless between rock crevices and nonterritorial males lost interest in the pups. In the late breeding season after 4 August when pups were 3 weeks old or more, they developed enough physical ability to escape from or counterattack nonterritorial juvenile and subadult males.
Territorial males protected pups indirectly through territory defense. They prevented invasion of nonterritorial males by long-distance threatening calls, and threatened and attacked the invasive nonterritorial males. Actual fights occurred when nonterritorial adult males intruded deep into the central breeding area or when they challenged territorial males from the waterfront. Juvenile and subadult males were not attacked in these fights because they moved away faster than territorial males moved in pursuit.
Adult females defended their pups from nonterritorial subadult and juvenile males only while they were attending their pups within the breeding territories, but once pups were abducted out of the territories, mothers did not follow their pups. When adult females were approached by nonterritorial adult males, they escaped without protecting their pups, probably because nonterritorial adult males attempt to abduct adult females. We observed 3 occasions on which a nonterritorial adult male swam ashore with the surf, immediately grabbed an adult female near the water's edge, and carried the female offshore.
Quantitative analysis.-The frequency of pups being harassed or abducted by nonterritorial juvenile and subadult males was zero from 26 June to 25 July and increased in the last two 10-day periods (26 July-14 August) when pups were 17 or 27 days old on average (Table 1) . Interactions between nonterritorial adult males and pups occurred at a very low incidence. Our estimates indicate that pups were harassed or abducted 3.8 times per capita during daylight hours within a breeding season. Table 1 also shows the difference in the nature of harassment and abduction by nonterritorial males of the 3 age classes. Agonistic interactions such as open-mouthed threat and biting predominated in the behavior of juvenile males toward pups. Abduction to sea by juvenile males was not recorded. Subadult males showed all types of interactions with pups, including grabbing, carrying on land, abduction to sea, and sexual mounting. Nonterritorial adult males grabbed, threw, or abducted pups. Although it was not recorded during quantitative sampling, nonterritorial adult males also were seen to abduct pups offshore as described above. However, they did not show threat displays, simple biting, or sexual mounting toward pups.
Juvenile, subadult, and adult nonterritorial males interacted with females and pups at different frequencies (Fig. 2) . Juvenile males touched pups more frequently than they touched adult females (28.5% and 18.4%, likelihood ratio test: v 2 ¼ 9.2, d.f. ¼ 1, P ¼ 0.002). Subadult males had fewer contacts with pups (13.8%) than with females (18.8%, likelihood-ratio test:
Physical contacts of nonterritorial adult males with pups and females were rare events (1.8% and 6.0%, respectively), and adult males had more contacts with females than with pups (likelihood ratio test: v 2 ¼ 4.5, d.f. ¼ 1, P ¼ 0.033). Pups changed their response toward approaching juvenile and subadult males as they grew (Fig. 3) . The compositions of the 1st and 2nd reaction were different among the last three 10-day periods (1st reaction, likelihood-ratio test:
In the period 16-25 July, 92.6% of pups remained in place when nonterritorial males approached within 0.5 m. The tendency for pups to flee increased from 3.7% during 16-25 July to 52.2% during 5-14 August. The secondary response of pups after the 1st contact with intruding males also showed an increase in fleeing from 7.7% during 16-25 July to 37.5% during 5-14 August.
Estimates of fitted models along with their standard errors, P values of t-tests, and increments of AICc in the analysis of the frequency of intrusions of juveniles, subadults, and adults are shown in Table 2 . The best-fit models did not include pup number as an explanatory variable. Date (10-day periods) had the largest effect on the juvenile and subadult male intrusion models (ÁAICc ¼ 127.0 and 109.0, respectively), and intrusion frequency increased in the last two 10-day periods (1.864 and 2.584, P , 0.001 for juveniles, and 1.125 and 1.640, P , 0.001 for subadults, respectively). In contrast, date was rejected and year, sea condition, and air temperature showed moderate effects on intrusion frequency in the adult male intrusion model (ÁAICc ¼ 18.4, 14.3, and 11.9, for year, sea condition, and air temperature, respectively). Results of the GLM analysis demonstrate that intrusions of juvenile and subadult males increased in the late breeding season and that intrusions by adult males did not show marked change over the observed breeding periods.
Territorial males in the study area emitted 6-11 long-distance threatening calls against an intrusion attempt of an adult nonterritorial male and 1 or 2 roars against a juvenile or subadult male on average. Table 3 shows the results of the GLM analysis on the frequency of threatening calls against intrusion attempts of juvenile-subadult or adult males. Date (10-day periods) had the largest effect in the model for threatening calls against intrusions by juvenile-subadult males (ÁAICc ¼ 23.1). The estimates and P-values indicate significant reduction in the number of threatening calls against intrusions by juvenilesubadult males in the last two 10-day periods (À0.571, P ¼ 0.036 and À0.1252, P , 0.001, respectively). The model for threatening calls against invasive adult males showed moderate effects of date, time of day, sea condition, and pup number. Estimates and P-values indicated increase in number of threatening calls around the peak copulation season during 16-25 July (1.086, P ¼ 0.003), but no marked change in later periods.
DISCUSSION
This study demonstrated that harassment and abduction of pups by nonterritorial male northern fur seals occurred regularly every breeding season, but that cases of infanticides were rare. Ebensperger (1998) classified adaptive significance of infanticide in mammals into predation, resource competition, adoption avoidance, and sexual selection. The context of abduction and mortality of pups by nonterritorial male northern fur seals differed from that of primates and other mammals in which infanticides are regarded as adaptive behavior. Nonterritorial male northern fur seals are not cannibalistic and obtain no nutritional resources from this behavior. The resource competition hypothesis seems unlikely because nonterritorial males do not compete with pups directly over food or habitats, and because they do not harass male pups selectively to reduce future competition. Because nonterritorial males harass pups of both sexes equally, nonterritorial males also may damage female pups that will be their future mates. The adoption avoidance hypothesis (Pierotti 1991 ) is inappropriate because male northern fur seals provide no parental care. Harassment, abduction, and killing of pups do not appear to increase reproductive opportunities of perpetrators in northern fur seals, as is expected in the sexual selection hypothesis. Abduction of pups does not improve access to adult females because mothers did not follow the abducted pups outside the breeding territories. Killing of pups does not facilitate female estrus because female northern fur seals have a fixed annual ovarian cycle (Boyd 1991) . Females finish postpartum estrus and copulation before the late reproductive season, when abductions occur frequently.
The remaining scenario is the nonadaptive explanation, which considers infanticide as accidental or maladaptive (pathological) behavior. Ebensperger (1998) considered that male infanticide in pinnipeds was the most compelling evidence for the nonadaptive scenario. However, the age-related difference in the composition of harassment behavior suggests that interests of nonterritorial males to pups may change with ontogeny in this species. Interactions of juvenile males with pups consisted of nasal contacts and agonistic behavior. Similar interactions are observed in play behavior among juvenile males (Gentry 1998 ) and among pups (Bartholomew 1959) . Subadult males showed all the repertoire of nonterritoral male-pup interactions including abduction, herding, and mounting. The behavior is analogous to male-female sexual interactions. Subadult nonterritorial males may treat pups as a substitute for adult females and simulate female stealing and territory maintenance. Potentially, subadult males can obtain experience in getting mates by using pups as female substitutes, but it is very difficult to evaluate the reproductive benefit of the experience. Interactions of nonterritorial adult males with pups were rare events and consisted of violent behavior and abduction. The behavioral pattern resembles that of female stealing, a well-documented phenomenon in this species (Gentry 1998) . Repeated intrusion of nonterritorial adult males and harassment of pups may provide genetic benefits to nonterritorial males if it facilitates the turnover of territorial males or if it destroys other male's offspring. To evaluate the adaptive significance of this behavior, we need detailed data on costs and benefits to the perpetrators.
Although the adaptive significance remains uncertain, harassment, abduction, and infanticide directly impact the survival of pups. Examination of our data also demonstrated that harassment and abduction of pups by nonterritorial males led to external trauma, mother-pup separation, and emaciation. Spraker (1993) necropsied 332 northern fur seal pups on the Pribilof Islands and reported that emaciation and trauma were the most common causes of pup mortality. Le Boeuf and Briggs (1977) noticed that the ''trauma-starvation syndrome'' related to mother-pup isolation was a major cause of on-land pup mortality in northern elephant seals (Mirounga angustirostris). On-land pup mortality of northern fur seals has been quite low, constituting only a small part of the total juvenile mortality, except for the 1950s, when hookworm infection was prevalent (Smith and Polacheck 1984; Trites 1989 ). Judging from this information, male harassment and abduction of pups seem to have little impact on the population dynamics of northern fur seals in the study area, but they may constitute one of the major causes of on-land pup mortality.
Several factors are related to the suppression of intrusion, harassment, and abduction of pups by nonterritorial males. Behavior of pups contributed to reduce the impact of nonterritorial males. As described by Bartholomew (1953) , newborn pups stay very close to their mothers within breeding territories for a few days postpartum. This attendance behavior, together with the territorial defense activities by dominant males, should be related to the lower incidence of intrusion, harassment, and abduction of pups by nonterritorial males during the early breeding season. Examination of our results demonstrates that pups modify their reaction to nonterritorial males as they encounter and receive male harassment in the late breeding season. So far on-land behavior of pups has been explained in relation to maternal care or to the disturbance caused by territorial males (Bartholomew 1959; Gentry 1998; Insley 2001) . The high incidence of harassment shown in this study suggests that interactions with nonterritorial males may be a potential factor to shape ontogenetic changes in pup behavior.
Intrusions of nonterritorial juvenile and subadult males were suppressed to a low level in the early reproductive season, doubtless because of the high vigilance of primary territorial males, who held territories from the beginning of the breeding season. The possibility exists that primary territorial males may improve their reproductive success through protection of pups. Because male and female northern fur seals have natal-and breeding-site fidelity (Baker et al. 1995 , Kiyota 2005 , some of the nearby pups might be offspring sired by an adult male in the previous breeding season if he holds a territory in the same place over 2 consecutive breeding seasons. Genetic analysis of paternity and relatedness will give important information about the adaptive strategy of males. Because the energetic cost of territory defense is supposed to shorten the tenure of territorial males, the cost and benefit of territory defense also should be evaluated in terms of lifetime reproductive success, which can be improved by both mating success and offspring survival. Adult females protected their pups only when they attended their pups within the breeding territories, probably because adult females are primary targets of invasive nonterritorial adult and subadult males. However, females may protect pups indirectly by aggregating in breeding colonies. In South American sea lions, Campagna et al. (1992) found that pup survival was higher in groups of breeding females than with females in solitary mating pairs, and they suggested that pups in colonies were more protected from harassment and infanticide caused by marginal males. Topography of the breeding area also may confer protection to pups. Bradshaw et al. (1999) examined the breeding area topography of the New Zealand fur seal (Arctocephalus forsteri) and concluded that the terrain occupied by high-density colonies contained more rocks, crevices, and ledges, which provided shelters to pups. Most of the northern fur seal rookeries on St. Paul Island are located on rough substratum made of lava or rocks. Formation of breeding aggregations in rocky areas defended by dominant males appears to be effective in avoiding harassment and abduction of pups by nonterritorial males.
Spatial and temporal dispersion of receptive females has been considered as a key factor in the evolution of mammalian mating systems (Clutton-Brock 1989; Emlen and Oring 1977) . Sexual harassment by males has been argued to be one of the major contributing factors to gregariousness of females in polygynous mammals (Boness 1991; Boness et al. 2002; Cassini 1999; Clutton-Brock et al. 1992 ). Trillmich and Trillmich (1984) suggested that avoidance of harassment by marginal males might be an important factor in the evolution of gregariousness of females in the Galápagos fur seal (Arctocephalus galapagoensis). Boness et al. (1995) examined the relation between male harassment and nursing success in gray seals (Halichoerus grypus) and showed that harassment by males may contribute to enhanced reproductive synchrony. Cassini (2000) made a cost-benefit model of dispersion of females in pinnipeds, considering opposing effects of female-female competition and harassment by males. Four different sets of male sexual harassment are distinguishable that can affect reproductive performance of adult females: dominant males to adult females, dominant males to offspring, marginal males to females, and marginal males to offspring. Results of this study are consistent with the male harassment hypothesis and suggest a possibility that harassment of pups by marginal males may have contributed to the development of social behavior of dominant males, females, and pups and to the evolution of a polygynous mating system in the northern fur seal.
